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By the end of this presentation, you will learn to:

• Estimate PM2.5 mass concentration at the surface level  
(μgm-3) while using satellite derived Aerosol Optical Depth 
(AOD) at visible wavelengths

Objectives
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Spatial Gaps

What are we looking for? And why? 
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MODIS-Terra True Color Images

May 11, 2007 May 12, 2007 May 13, 2007

May 14, 2007 May 15, 2007 May 16, 2007



National Aeronautics and Space Administration 5Applied Remote Sensing Training Program

MODIS-Terra Aerosol Optical Thickness

May 11, 2007 May 12, 2007 May 13, 2007

May 14, 2007 May 15, 2007 May 16, 2007



AOD (or AOT) to PM
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What do satellites provide? 

Aerosols

water vapor + other 
gases (absorption)

Rayleigh 
Scattering
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Column 
Measurement

10 km

Surface
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Satellite vs. Ground Observation

10 km2 vertical 
column 

measurement

Earth’s Surface

Surface Layer

Top of the Atmosphere

Aerosol Optical
Depth

PM2.5 mass 
concentration (μgm-3) 

– dry mass

PM2.5: mass per unit 
volume of aerosol 
particles less than 2.5 
μm in aerodynamic 
diameter at surface 
(measurement height) 
level

AOD:
• column integrated value 

• (top of atmosphere to surface)
• optical measurement of aerosol loading
• unitless
• a function of shape, size, type, and 

number concentration of aerosols
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• Current satellite AOD is sensitive 
to PM2.5
–Kahn et al. 1998

• Polar-orbing satellites can 
represent at least daytime average 
aerosol loadings
–Kaufman et al. 2000

• Missing data due to cloud cover 
appear random in general
–Christopher and Gupta 2010

Support for AOD-PM2.5 Linkage 

2              4              6              8              10          12
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Hoff, R. & Christopher, S., 2009

Remote Sensing of Aerosols
AOD-PM Relationship

• C: PM2.5 mass concentration

• ρ: aerosol mass density

• reff: particle effective radius

• Q: extinction coefficient

• HPBL: mixing height

• ƒ(RH): how aerosol scattering 
changes with changing relative 
humidity

Assuming cloud-free skies, a well mixed boundary layer with 
no overhead aerosols, and aerosols that have similar optical 
properties*, AOD and PM2.5 can be related by this equation:

C= × × AOD
4ρre

3Q

ƒRH

HPBL
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Simple Models from Early Days

Source: Chu et al., 2003

Source: Wang et al., 2003
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AOD-PM2.5 Relationship

Source: Gupta, 2008
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Predictor: AOD Predictor: AOD + 
Meteorology

Multivariable Method

TVM

Linear correlation coefficient between 
observed and estimated PM2.5 Source: Gupta, 2008
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Time Series Examples of Results from ANN

Source: Gupta, 2009
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TVM vs. MVM vs. Artificial Intelligence

TVM ANNMVM

Source: Gupta, 2009
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• Basic idea:
–Let an atmospheric chemistry model decide the conversion 

from AOD to PM2.5
–Satellite AOD is used to calibrate the absolute value of the 

model generated conversion ratio

• Satellite-Derived PM2.5 = 

Scaling Approach

× satellite AOD
PM2.5

AOD(     )
Model

Source: Liu et al., 2006
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Annual Mean PM2.5 from Satellite Observations

van Donkelaar et al., 2006, 2009
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• How accurate are these estimates?
• Is the PM2.5 – AOD relationship always linear? 
• How does AOD retrieval uncertainty impact estimation of air 
quality? 

• Does this relationship change in space and time? 
• Does this relationship change with aerosol type? 
• How does meteorology drive this relationship? 
• How does the vertical distribution of aerosols in the 
atmosphere impact these estimates? 

Questions to Ask: Issues
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Limitation: Vertical Distribution of Aerosols
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Vertical Distribution: Impact on AOD-PM2.5

Source: Engel-Cox et al., 2006
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Vertical Distribution: Impact on AOD-PM2.5

Source: Al-Saadi et al., 2008
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When most particles are concentrated and well mixed in the 
boundary layer, satellite AOD contains a strong signal of 

ground-level particle concentrations

Assumption for Quantitative Analysis

No textbook solution
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• Currently for Research
–Spatial distribution of PM2.5 on regional to national level
–Long term trends of PM2.5
–Model calibration, data assimilation and validation
–Exposure assessment for health effect studies

• Near Future Research
–Spatial trends at urban scale
–Improved coverage and accuracy
–Fused statistical-deterministic models

• For Regulation? 

Use of Satellite Data
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• Objective: near real-time product for 
state and local air quality forecasters

• Goal: improve accuracy of next day 
PM2.5 AQI forecasts during large 
aerosol events

How Satellite Aerosol Data is Used

Infusing Satellite Data 
Into Environmental 

Applications

AirNow Satellite Data Processor (ASDP)
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Suggested Reading
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Satellite 
Observations

Statistical 
Approach Model Scaling Data Assimilation

Satellite Remote Sensing of PM2.5: Summary

PM2.5 Mass 
Concentration 

(μgm-3)
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• What are three differences between AOD and PM2.5 mass 
concentrations?

• What are three advantages of using satellite observations 
for PM2.5 air quality monitoring?

• What are the pros and cons of using a scaling approach 
over the regression method?

Questions and Discussion
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• Air Quality Case Study
–Fires in Canada and Smoke Transport over U.S.

•June 09, 2015
–Buffalo Fires, Wyoming

•August 13, 2016

• Tools
–IDEA: http://www.star.nesdis.noaa.gov/smcd/spb/aq/
–eIDEA: 

http://www.star.nesdis.noaa.gov/smcd/spb/aq/eidea/

Tour of IDEA 
Accessing Near Real-Time Satellite Data for U.S. Air Quality



Questions


